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(57) ABSTRACT 

The present invention is directed to a method for the 
generation of periodic curved structures in a basic support 
material such as the basic layer for the magnetic bit cells of 
a magnetic storage device. The method includes the steps of 
generating a number of diffraction masks such that each 
mask comprises at least one transmission di?‘raction gratings 
having at least one of a different periodic concentric circular 
pattern, spiral-like periodic pattern and periodic radial spoke 
pattern; positioning at least one of the diffraction masks 
simultaneously or successively in a certain distance of the 
basic support material to be patterned, the distance being 
mask dependent; exposing the basic support material by 
directing light beams through each of the diffraction masks; 
and interfering the different light beams di?‘racted by the 
gratings on each mask in order to generate coincident light 
intensity patterns on the surface of the basic support mate 
rial. 
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METHOD FOR GENERATING A CIRCULAR 
PERIODIC STRUCTURE ON A BASIC SUPPORT 

MATERIAL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of Inter 
national Application PCT/EP2003/010233, ?led Sep. 15, 
2003 and further claims priority to European patent appli 
cations 03003392.2, 030075592 and 030118889, ?led Feb. 
14, 2003, Apr. 01, 2003 and May 27, 2003 respectively, all 
of the aforementioned incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to a method for generating a 
periodic circular structure in a basic support material, such 
as for patterning a basic layer for the magnetic bits of a 
magnetic disk media. 

[0003] Magnetic recording devices in the form of circular 
discs coated uniformly With thin ?lms of magnetic materials 
are used in many information systems. The data is recorded 
as magnetic bits in the thin ?lm media. A magnetic bit means 
an area of the ?lm that has been mainly magnetiZed in a 
direction by a Writing head. The bits are read by a reading 
head Which is sensitive to the magnetiZation orientation of 
the bits. The disc rotates usually around an axis perpendicu 
lar to the surface of the disc. During the rotation the Write 
and/or read operations are performed. Therefore, the mag 
netic bits are positioned on circular tracks around the 
rotational axis. 

[0004] The areal density of data stored on this kind of 
magnetic storage disks (i.e. so-called hard disks) has 
increased With an average annual groWth range of about 60 
to 100% each year since the early 90’s. This tremendous 
groWth rate alloWed loWer costs per stored bit and higher 
speed of data access. Storage devices having an areal density 
of about 60 Gbits/inch2 are expected to be offered in the 
market in the near future, i.e. second half of 2003. 

[0005] Consequently, the increase of the areal density can 
only be achieved by a decrease of the siZe of a magnetic bit 
cell. For example, a 100 Gbits/inch2 generation Will require 
a siZe of a magnetic bit cell to be approximately 80x80 nm2 
assuming a square shaped bit cell. The magnetic bit cell in 
a thin ?lm crystalline media may contain several tens to 
hundreds of magnetic grains. Arespectable number of grains 
is required in order to alloW an acceptable signal to noise 
ratio for each magnetic bit cell. Therefore, as far as the siZe 
of the magnetic bit cell has to decrease for the sake of higher 
areal densities, the siZe of grains must become smaller as 
Well. HoWever, the level of minimization Will touch physical 
limits due to the so-called super-paramagnetic limit Which is 
touched When the siZe of grains become too small to retain 
its magnetiZation at room temperature for a suf?cient period 
of time. 

[0006] A potential solution for the problem is to use 
instead of a continuous thin ?lm media a patterned media 
Where each magnetic bit cell is formed as a lithographically 
de?ned magnetic element. These elements behave as single 
oriented magnetic domains being stable at room tempera 
ture. Moreover, each of these lithographically de?ned mag 
netic elements can be individually sWitched and read. An 
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added advantage is that the transitions from one magnetic 
state to another one are much sharper than those in a 
continuous medium. It is required to arrange these magnetic 
elements in periodic arrays to be synchronized With the 
read/Write signal. 

[0007] A major obstacle to the realiZation of a patterned 
magnetic storage media is the dif?culty of a mass production 
of a suitable patterned substrate at an acceptable cost. The 
considerably high areal density above 100 Gbits/inch2 
requires bit siZes to be Well beloW 100 nm in length and/or 
Width. Therefore, in a suitable production technique, large 
areas have to be patterned having a comparably high reso 
lution of the periodic structure at acceptable throughput and 
cost. Electron beam lithography is capable of producing 
such patterns but the throughput is far from being accept 
able. Laser interference lithography has long been regarded 
as a possible technique as it can create periodic patterns over 
comparably large areas. HoWever, up to noW interference 
lithography has been shoWn to create only linear periodic 
structures such as arrays of lines or arrays of dots on square, 
rectangular or hexagonal grids. 

SUMMARY OF THE INVENTION 

[0008] Therefore, it is the aim of the invention to provide 
a method alloWing to generate periodic curved structures 
overcoming these afore-mentioned limitations. 

[0009] This aim is achieved according to the invention by 
a method for generating a periodic circular structure in a 
basic support material, such as a support layer for a pat 
temed magnetic storage device, comprising: 

[0010] A method for generating a periodic circular struc 
ture in a basic support material, such as a layer for magnetic 
bit cells (14) for a magnetic storage device, comprising: 

[0011] a) generating a number of diffraction masks With 
each mask having at least one transmission diffraction 
gratings (4, 6, 8, 20 to 34) each transmission diffraction 
grating (4, 6, 8, 20 to 34) having a different periodic 
concentric circular pattern and/or spiral-like periodic 
pattern and/or periodic radial spoke pattern; 

[0012] b) positioning of one or more of said diffraction 
masks simultaneously or successively in a certain dis 
tance of the basic support material (12) to be patterned, 
With the distance depending on the mask; 

[0013] c) applying light beams through each of the 
diffraction masks for exposing the basic support mate 
rial (12) to said light beam; and 

[0014] d) interfering the different light beams diffracted 
by the gratings on each mask in order to generate 
coincident light intensity pattern on the surface of the 
basic support material (12). 

[0015] This neW and inventive interference technique 
alloWs creation of periodic curved structures such as con 
centric circular tracks and periodic arrays of dots on circular 
tracks are achievable. This technique signi?cantly relies on 
transmission diffraction masks having diffraction gratings 
that can be patterned by knoWn lithographic techniques 
including electron beam lithography. This technique retains 
most of the main advantages of interference lithography 
such as high spatial resolution, large depth of focus, large 
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pattern area, simplicity of the optical equipment and set up, 
coherence of the achieved pattern etc. 

[0016] In accordance With an optional feature of the 
invention for exposing the basic support material a multiple 
exposure process is used, comprising: using a transmission 
diffraction mask having a periodic circular interference 
mask pattern in order to generate necessary exposure for 
circular tracks on the basic support material; and using 
afterwards a transmission diffraction mask having a spiral 
extending interference mask pattern or having a radial 
extending interference mask pattern (spoke pattern) in order 
to generate necessary exposure for a circumferential parti 
tioning of said circular tracks; or vice versa. In a multiple 
exposure scheme the pattern is a result of the total dose 
pattern delivered to the basic support material. Individual 
exposure steps may or may not deliver suf?cient dose to the 
support material to create patterns of their oWn. 

[0017] An alternative multiple exposure process for 
exposing the basic support material may provide a multiple 
exposure process, comprising: using a ?rst transmission 
diffraction mask having a combined circular and spiral 
interference mask pattern in order to generate necessary 
exposure for a ?rst spiral track pattern on the basic support 
material; and using afterWards a second transmission dif 
fraction mask having a similar combined circular and spiral 
extending interference mask pattern but having the spiral 
component oriented in the opposite direction in comparison 
With the ?rst transmission diffraction mask in order to 
generate necessary exposure for a partitioning of said gen 
erated ?rst spiral track pattern by intersecting the ?rst and 
the second spiral track pattern. 

[0018] Both the tWo processes as given above are inter 
esting options for accommodating the inventive idea to 
practice. 

[0019] In order to create diffracted beams, the transmis 
sion diffraction masks are either of absorption or of phase 
shifting type or a combination of the tWo types. Whereby it 
may be remarked that the throughput is higher using the 
phase shifting type since the diffraction e?iciency and hence 
the use of the light from the light source is more ef?cient. 
Another advantage of using a phase mask is that the risk of 
damaging the mask at high ?uences is minimized since no 
or little light is absorbed by the mask itself. 

[0020] As far as the polarization of the incident light is 
important in the diffraction of light by the transmission 
diffraction masks (gratings), linearly polarized light may 
cause non uniformities along the circumferential direction in 
the created pattern. Therefore, a light source having a 
circular polarization and/or a linear polarization Whereby the 
polarization plane of the light varies over the exposure time 
may be used to avoid such non-uniformities. 

[0021] With respect to the storage density achievable 
according to the invention suitable light sources are neces 
sary having a Wavelength in the range of 5 to 500 nm, i.e. 
in the range from optical lasers to synchroton radiation 
sources. For example, lasers With 193 nm Wavelength are 
currently used for lithography processes in the semiconduc 
tor industry. Lasers With 157 nm Wavelength are expected to 
be used for smaller architectures in the future. With the 
latter, light source, interference lithography Will ?nd 
entrance into dimensions less than 100 nm feature size. With 
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respect to shorter Wavelengths, synchroton radiation pro 
vides spatially coherent radiation With Wavelengths doWn to 
10 nm. In this range of Wavelengths storage densities in the 
range of 10 Tbit/inch2 seem to be possible. 

[0022] In order to decrease the feature size using common 
laser light sources an immersion lithography process may be 
used, Whereby an immersion liquid having a refractive index 
larger than 1 is disposed betWeen the transmission diffrac 
tion mask and the basic support material. Assuming p.e. a 
laser light source having a Wavelength of 157 nm and an 
immersion liquid With refractive index 1 .37, a pattern period 
that approaches 55 nm can be expected. The corresponding 
storage density lays in the range of 210 Gbit/inch2. 

[0023] According to the selected structure of the transmis 
sion diffraction mask the gratings may be chosen in order to 
enable the partitioned circular periodic structure comprising 
cells having a length to Width ratio other than 1. This type 
of elongated magnetic bit cells ensure that the elements have 
a certain long axis for easy magnetization and tWo Well 
de?ned magnetic states oriented opposite to each other. 

[0024] Other advantageous measures can be seen from the 
additional dependent claims. 

BRIEF DESCRIPTION OF THE SEVEARL 
VIEWS OF THE DRAWINGS 

[0025] Examples of the invention are described beloW 
With reference to the draWings Which shoW in: 

[0026] FIG. 1 a schematic layout of a ?rst transmission 
diffraction grating con?guration for creating an interference 
pattern With circular symmetry; 

[0027] FIG. 2 an optical micrograph of an array of holes 
in a photoresist obtained With the transmission diffraction 
grating con?guration shoWn in FIG. 1; 

[0028] FIG. 3 a schematic layout of a second transmission 
diffraction grating con?guration on tWo masks Which can be 
used in a double exposure process; 

[0029] FIG. 4 a schematic layout of a third transmission 
diffraction grating con?guration on tWo masks Which can be 
used in a double exposure process; 

[0030] FIG. 5 a schematic layout of a fourth transmission 
diffraction grating con?guration; and 

[0031] FIG. 6 a schematic vieW on a diffraction grating 
for generating a periodic circular pattern. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] Generally, the method for generating a circular 
periodic structure for magnetic storage media starts With the 
design of a suitable number of transmission diffraction 
gratings. At least tWo of those gratings Will create the desired 
interference pattern When illuminated by spatially coherent 
light. FIG. 1 therefore shoWs a schematic layout of a ?rst 
transmission diffraction grating con?guration 2 Which com 
prises three dilferent types of transmission diffraction grat 
ings 4, 6 and 8. These gratings 4, 6 and 8 have the design to 
generate a pattern of periodic partitioned dots 14 on circular 
tracks. When illuminated With spatially coherent light this 
mask design yields an interference pattern With periodic 
intensity peaks along circular tracks as shoWn in FIG. 2 that 
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depicts an optical micrograph of an array of holes (dots) 14 
in a photoresist layer 12 obtained With the ?rst transmission 
diffraction grating con?guration 2. The holes/dots 14 are 
positioned along circular tracks running parallel to the long 
axis of the oval shaped holes 14. The radius of the curvature 
of the tracks is about 6 mm so that the track curvature is not 
noticeable at magni?cations large enough to resolve indi 
vidual holes 14 as shoWn in FIG. 2. 

[0033] The desired pattern on the photoresist layer 12, 
disposed on a suitable substrate, is obtained in this example 
by the interference of three mutually coherent beams of laser 
light. This periodic light pattern can then be used to create 
patterned magnetic bit cells With the desired circular sym 
metry in a single exposure step. 

[0034] The light beams diffracted by the three transmis 
sion diffraction gratings 4, 6 and 8 coincide in a region 10 
at a certain distance from the diffraction masks to form the 
desired interference pattern. The gratings 4 and 8 are 
designed to de?ne circular tracks in the radial direction 
Whereas the spiral grating 6 is designed to de?ne the 
partition of the circular tracks into individual intensity peaks 
along the circumferential direction. Even though, the func 
tions of these three transmission gratings 4, 6 and 8 seem to 
be distinct, they are in this example required to be present 
simultaneously to obtain the desired interference pattern. 
Possible variations in the design of the gratings as shoWn in 
FIG. 1 include exchanging the relative radial locations of 
the different gratings 4, 6 and 8. The spatial periods of the 
gratings, their diameters, the angle (theoretically between 0 
and 90°, preferably betWeen 20 to 70°) of the spiral-like 
grating With respect to the radial direction can all be changed 
according to the application requirements, i.e. the desired 
storage density, siZe of the patterned region etc. The number 
of gratings can also be varied to obtain interference of tWo, 
three or four beams. Even a larger number may not be 
excluded. 

[0035] A promising possibility is the use of a multiple 
exposure process in order to obtain the desired pattern. 
Therefore, a second and a third transmission diffraction 
grating con?guration 16 resp. 18 in FIG. 3 resp. 4 are shoWn 
to support this possibility. For example, a basic support 
material can be exposed ?rst With tWo transmission diffrac 
tion gratings 20, 22 having circular patterns in order to 
obtain necessary exposure for circular tracks (FIG. 3a). This 
?rst exposure step is folloWed by a second exposure step 
using tWo transmission diffraction gratings 24, 26 having 
spiral gratings in order to obtain necessary exposure for a 
circumferential partitioning of the circular tracks obtained 
by the ?rst exposure step. 

[0036] Another possible multiple exposure process 
scheme includes according to the third transmission diffrac 
tion grating con?guration 18 in FIG. 4 a ?rst exposure step 
With tWo transmission diffraction gratings 28, 30 having a 
combined circular and spiral grating in order to obtain 
necessary exposure for a ?rst track pattern. In a second 
exposure step, tWo gratings 32, 34 having a combined 
circular and spiral grating, too, are used to obtain necessary 
exposure for a partitioning of the ?rst track pattern. For this 
purpose, the directions of the spiral grating of the transmis 
sion diffraction gratings 28 and 32 are oriented opposite to 
each other. 

[0037] A fourth transmission diffraction grating con?gu 
ration is shoWn in FIG. 5. FIG. 5a) depicts beams 36 Which 
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are diffracted by a diffraction grating 38 in the shape of a 
spoke pattern. That means that the angle of the lines of a 
spiral grating (as shoWn in FIGS. 3 and 4) With respect to 
the radial direction becomes Zero. The resulting pattern Will 
also be a spoke pattern When using the interference betWeen 
positive and negative diffraction orders from this grating 38. 
On a basic support material an interference pattern also in 
the shape of a spoke pattern is recorded. The spoke pattern 
obtained accordingly has tWice the number of lines as the 
diffraction grating 38 used to create it. Such spoke pattern 
can additionally be used in angular encoders that are used to 
measure or control the angular position or speed of a rotary 
device. For this reason, the method may generally be applied 
in applications Where such radial pattern are needed, includ 
ing potentially the magnetic storage device. This example 
shoWs up With signi?cant simplicity since only one diffrac 
tion grating 38 is required to generate the radial partitioning 
of the latter magnetic bit cell structure. 

[0038] The magnetic bit cell structure then is generated in 
an interference Zone 40 in Which the beams 36 from the 
spoke-spaped diffraction grating 38 and beams 44 being 
diffracted by a periodic circular diffraction grating 42. 
Therefore, the radial spoke pattern is used in combination 
With a circular grating to create periodic interference peaks 
along circular tracks, as similar described above for the other 
example. The main advantage of this forth transmission 
diffraction grating con?guration consists in the limited num 
ber of gratings and a much easier opportunity to avoid 
undesired diffraction orders in the interference Zone 40. 

[0039] Periodic circular track pattern 50 can be printed by 
the interference of light beams 48 being created by a single 
circular diffraction grating 46 as shoWn in FIG. 6. The 
recorded pattern period is equal to half of the diffraction 
grating period. Again, a simpli?ed technique is used requir 
ing only one diffraction grating 46. Undesired diffraction 
orders are securely avoided. An additional advantage 
becomes apparent from FIG. 6, too. The obtained pattern 50 
is not limited to an annular region 10 or 40 but the pattern 
50 extends from a central focus point having a radius equal 
or close to Zero. 

[0040] The described method yields a circular pattern in 
an annular region, such as the region 10 in FIG. 1 or the 
region (interference Zone) 40 in FIG. 5b). In order to cover 
larger radial sections a multiple exposure process With 
different transmission dilfractions masks can be used. This 
measure assists in maintaining a high spatial resolution in 
outer regions of the patterned area as the number of mag 
netic bit cells along the circumferential length is constant in 
the ensemble of circular tracks generated by one of the 
transmission diffraction grating con?gurations, such as the 
ones shoWn in FIG. 1 or 3 to 6. 

[0041] The afore-mentioned technique can be considered 
as a form of replication process even though the pattern of 
the master (the transmission diffraction masks) and the 
replica (the circular pattern for magnetic bit cells) are rather 
different. AnoteWorthy advantage in this replication process 
is that the spatial frequency of the resultant circular pattern 
for the magnetic bit cells is higher than that of the trans 
mission dilfraction masks. A frequency multiplication by a 
factor between 1 and 2 is possible and often obtained. 
Therefore, the spatial resolution requirements in the manu 
facturing of the transmission diffraction masks are relieved 
With respect to the desired magnetic pattern resolution. 
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[0042] Additionally, this technique allows to generate a 
pattern having partitioned cells With a distinct length to 
Width ratio. Elongated cells oWn the advantage that the cells 
have a certain long axis for easy magnetization, and tWo 
opposite Well de?ned magnetization states. 

[0043] The transfer of the interference intensity pattern 
generated by exposing light via the transmission diffraction 
masks to a basic support material for the latter storage device 
into the magnetic bit cell structure can be done in various 
Ways. Well knoWn lithographic techniques using photoresist 
?lms can be used. It shall be mentioned that in this regard 
the photoresist ?lm is considered as the basic support 
material. The photoresist ?lm itself can be disposed on a 
suitable carrier material, made from plastic, ceramic and/or 
metal Which may or may not be already coated With the 
magnetic media to be patterned. In this patterning technique 
the photoresist ?lm is exposed to the interference ?eld. The 
pattern is created in the photoresist ?lm after a development 
process Where either the exposed or unexposed areas of the 
photoresist are dissolved depending on the tone of the 
photoresist (positive or negative resp.). The photoresist 
pattern is then transferred into a magnetic bit cell pattern 
using either a subtractive (dry or Wet etching) or additive 

(lift-off or electroplating) process. Other possibilities 
include direct generation of the magnetic bit cell pattern by 
the in?uence of the interference light on the material to be 
patterned. For example, patterns of magnetic bit cells have 
been created by exposing the materials directly With laser 
beams and ion beams. Working Without a photoresist has the 
general advantage in avoiding the dissolving process What 
means in particular that a possible damaging effects of the 
photoresist processing steps on the magnetic material is 
suppressed. 

[0044] Additionally, a photoresist-less processing creates 
the magnetic bit cell pattern While maintaining the original 
smooth surface With no or to a very limited extend added 

topography. This is an important desired feature for pat 
terned magnetic media since the magnetic read/Write head 
hovers over the surface With an extremely small (several 
tens of nanometers) gap betWeen the head and the spinning 
storage disc. Therefore, topographic features on the surface 
may disrupt the smooth hovering ?ight of the head or even 
collide With the head. 

[0045] The interference lithography technique can be used 
in combination With the nanoimprint lithography. In that 
case, the circular interference lithography can be used to 
create stamps Which can be later used in the nanoimprint 
process for mass replication. The advantage here is to 
produce the stamps in a much higher throughput process 
than using electron beam lithography. Unlike masks in 
photon based technique, the lifetime of a nanoimprint stamp 
is limited due to the contact nature of the process requiring 
a considerable number of stamps to be produced. 

[0046] The interference process is able to create patterns 
having perfect periodicity properties Which is of superior 
importance in the synchronization of the read/Write signals. 
Well de?ned circular tracks may be used to create a suf?cient 
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feedback signal for the head to folloW the tracks. This can be 
accomplished either by using the signal from the read head 
directly or by including additional elements on the head 
Which picks up signal from several tracks in the adjacent 
vicinity. 

What is claimed is: 
1. A method for generating a periodic circular structure in 

a basic support material comprising the steps of: 

a) generating a number of diffraction masks such that each 
mask comprises at least one transmission diffraction 
gratings having at least one of a different periodic 
concentric circular pattern, spiral-like periodic pattern 
and periodic radial spoke pattern; 

b) positioning at least one of said diffraction masks 
simultaneously or successively in a certain distance of 
the basic support material to be patterned, the distance 
being mask dependent; 

c) exposing said basic support material by directing light 
beams through each of the diffraction masks; and 

d) interfering the different light beams diffracted by the 
gratings on each mask in order to generate coincident 
light intensity patterns on the surface of the basic 
support material. 

2. The method according to claim 1, Wherein the step of 
exposing further comprises the steps of: 

generating exposure by directing light through a trans 
mission dilfraction mask having a periodic circular 
interference mask pattern so as to generate exposure of 
circular tracks on the basic support material; and 

after said step of generating exposure further generating 
exposure using a transmission diffraction mask having 
a spiral extending interference mask pattern or a radial 
extending interference mask pattern thereby generating 
a circumferential partitioning of said generated circular 
tracks. 

3. The method according to claim 1, Wherein the step of 
exposing further comprises the steps of: 

generating said exposure using a ?rst transmission dif 
fraction mask having a combined circular and spiral 
interference mask pattern so as to generate a ?rst spiral 
track pattern on the basic support material; and 

after said step of generating said exposure further gener 
ating said exposure using a second transmission dif 
fraction mask having a combined circular and spiral 
extending interference mask pattern Wherein said spiral 
component is oriented in an opposite direction to the 
?rst transmission diffraction mask, the second trans 
mission elfecting a partitioning of said generated ?rst 
spiral track pattern by intersecting said ?rst and said 
second spiral track pattern. 

4. The method according to claim 1, Wherein 

the diffraction masks are one of an absorption and phase 
shifting mask. 

5. The method according to claim 1, Wherein the light 
source generates light having a circular polarization or a 
linear polarization Which varies With time. 
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6. The method according to claim 1, wherein the light 
source comprises a Wavelength between 5 and 500 nanom 
eters. 

7. The method according to claim 6, further comprising 
the step of using an immersion lithography process for 
decreasing feature siZes, the lithography process having a 
refractive index larger than 1 and disposed betWeen the 
transmission di?‘raction mask and the basic support material. 
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8. The method according to claim 1, Wherein the parti 
tioned circular periodic structure comprises cells having a 
length to Width ratio larger than 1. 

9. The method according to claim 1, Wherein the basic 
support material comprises a layer for magnetic bit cells for 
a magnetic storage device. 

* * * * * 


